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© Vaccine composition with non-immuhosuppresive T-cell epitope component 


@ The present invention provides novel compositions which are useful as antigens in vaccines for eliciting a 
: strong protective immune response against a pathogenic agent in a hosft. The said compositions comprise ai. ; 
compound representing a B cell epitope which is ap antigen from ^ pa^ogenic; agent or an antigenic sub-part 
thereof and a compound representing a T helper : cell epitope which ; is a sub-part of an antigen from; a 
; pathogenic agent characterized ir^;^ represehtihg the T helper; cell epitope contains information 

for: carrier function but h^ function. The invention also relates to processes for the 

preparation of ^e said compositions, to vaccines comp^ of these compositions and : 

vaccines for ^ providing: protective :! 

; to methods for eliciting: ai proted^ methods :fpr; : 

determining: whether a^ : c^ the T helper ceil epitope: contains information^ 

:; but not; for epitope s 


< 

M 


XL 
Ul 


Xe-Copy Centre BEST AVAILABLE COPY 


EP 0 429 816 At 


YACqNECOMPOSm 

. against a pathogenic agent in a host and to v^ 
: ltis known that certain antigens require 
of a humoral immune response. Such antigens comprise ; T cell epitopes and ; B : cell epitpp^s, 
6 T helper cell epitopes are sub-parts of antigens; such as pro or complex carbo which sub- 

parts can be presented by : an; antigen; presenting ^ ; 
activated arid "help" B cells to produce specific antibodies directed against : trte; antigen in question in a 
helper T , cell dependent jmmune response (Schwartz, Rev. Immunol. 3; ; 237-261 [1985]); : A large ■■■ : 
number of T cell epitopes are known to the jDeirson skilled in the art (see for^xample Good et alM Proc i 
70 : Na^ 

eprtop^m^ the mMpds of- USA 82; ; 70^705^ 

/litl.?^ il. 7, 193^100 [1988]; :; f. 

^i;-^^ rail epitopes by^ Ilk: ; • 

MHC gisnes limits the Vsejfuin^sipf vac 
;75 ; ;: rec^ 

us^d as uniye^ 

;VB;ciBli;:epitp 

: which re^ re^gnized by ; ;anti^ : : : 

forming a B cell epitope are capable 6f;;iridu^hg a! p host/ for 

20 example, ichem tolly are capable to induce the to 

of antibodies which bind to the native molecule in a host (Arnon et al;; Proc. Natl Acad . ^i; USA ; 68i 1 450- ; : 
;1455 f197 : l ]), It has to ; ^e;;hptecl that in order io^ 

an immune response in a - host t^ peptide ; has to; be b to a carrier: ; Such carriers areiusua^ 
■ A large number or 
25 also provide the T cell epitope function mentioned above. 

Some^r^ir^^ieh are^^ for single B cell epitopes are 

themselves used as antigens ^ as carrier proteins in vatxih^ 

tetanus toxin ; of eiostridium 
Corynebacte™ 

30 N has to be npt^ that the^ toxiris are used as carrier prbtein iri the toxoid form, i;e. the detoxified form? 
j P e ^ Table I, which is- not meant ^ 
vaccines are current be available in the foreseeable future and wherefrom the t cell 

epitopes and/or the B cell epitopes of the present invention may fae derived: .... 
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Table l ; ; 



population . 

-pathogenic agent: ' 

disease 

5 

human 

: Coryhebacterium di phtheriae (Klebs-Loefller bacillus) 

diphtheria 



\. Streptococcus pneumoniae 

pneumonia ; 



. Clostridium tetarii ; 

- : retell i Uo ... 



Bacillus Calmette-Guerin 

: tuDercuiosis : 



•i:;Eto{^ 

• pertussis 

10 


liVibrro chplerae^ 

cholera : 



rriurhps viais 

mumps 



measles virus ' 

measles 



rubella yinis 

rubella 



\ adenovirus ; 

. respiratory d. . 

1$ 


polio yir^; ; 

•: polio 



Bacillus ahthracis 

anthrax 



rotavirus . 

diarrhoea ; . 



hepatftus virus : 

hepatitis . . 



rabies virus •' 

rabies '■, 

20 


hiv-i / • i :■' 'v" 

.• AipS. 



HIV-2 

' AIDS 



HTLV 

leukemia 



influenza virus 

influenza 



pox virus 

small pox : . 

25 


Yersinia pestis 

plague 



Plasmodium falciparum 

malaria ; 


cows - : 

foot-anci-mouth disease virus :. 

foot-andrmouth disease 


chicken 

Eimen> teneila 

coccidiosis 



Eimeria acervulina 

coccidiosis 


30 


The vaccines directed against the pathogenic agents ; mentioned above may be used for providing 
• • v • '. protective immunity to substantially a|l members of a popuiatidn. Due to variable individual responsiveness 
to vaccination it is^ aimost impossible to provide protective immunity ^^to all members of a population. 
35 However, since pathogenic agents are usually - ^ interaction between carriers of the 

pathogenic agent and non-immune hosts for causing an inf^on, the presence of a low number of non- 
immune individuals in a given population usually does not jeopardize the success of a vaccination program. 
As indicated above proteins from the pathogenic agents listed in Table I may be used as carriers for 
■ sub-unit vaccines representing B cell epitopes. Examples of proteins which are currently used in vaccines , 
: ^ : <for prodding protective irnmunity to substantially ail members of a population and : which have been ; 
employed in hewl^ developed vaccines as carriers for such B cell epitopes eve the di toxin from 

: :! ;Cory^^ al " Nature 328, i 

• 257-259 [1987] have conjugated the 12 amino acid synttietic peptide (NANP) 3 comprising the Inv 
munodominant B cell epitope of Plasmodium falciparum circumsporozoite (CS) protein to the tetanus toxoid 
: 45 (TT). The composition obtained in this way was adjuyahted with aluminium hydroxyde and administered : 
intramuscularly in three doses at monthly intervals to 35 healthy humah volunteers as a malaria vaccine.lt 
was found that this malaria vaccine lead to a protective immune response in only a few individuals, it was: 
proposed that tetanus toxoid given to the* volunteers in the past as immunizations dampened the immune .' 
response to the synthetic peptide component (B-cell epitope) of the conjugate. 
50 In the meantime it has t^come evident that this observation can be generalized. It is known that an 
: animal which ^ such as a protein responds to a second injection with the antigen ../••,.,; 

v: ; : ; by prbdiicihg a markedly enhanced antibody response. If the second injection is made with the original ; : : ; 
/ antigen which has been mcrtifteci; for example by the addition of a hapten or peptide, the response to the ; •v:.^ 

antigen is simiiariy: enhanced but 
55 which is termed "e^tbp^ 

Epitbpe supprei^sfpn is tho to be: caused by the presence of B cells which react with epitopes of : V 
the original an tigen . These B cells which have been expanded as a resuit of the initial injection with the said 
... original antigen aire able -to out-compete the B ceils directed to the modified portions of the antigen thuS: 
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leading to: a reduced immune response: against the said modified portions (Schutze et aL. Cell; Immunol;: 
124. 79:90: fl 987]). In addition, T. suppressor cells which appear to be reactive with the unmodified portions : 
of ^ antigen have been shown to ;^lay a role in the inhibition of the antibody response to the B^ceil 
: .. ; epitopes represented by the said ^ of the; antigen (tagawa et al: r Ceii. ImmundK 36, 327- 

: 5 : ^36 [1984]). In the poor (NANP) 3 observed by Herrington et al: (supra) the"*original 

antigen would be represented :by ttie , parner protein, i.e. TT, and the modified portions : wpuld ■ be : 
, :: represented by ^e ;compp^ i.e. the (NANP) 3 determihants; 

Sub-unit vaccines consisting of sub-parts of antigens are a safe alternative to vaccines containing 
V inactivated or attenuated pathogenic -agents especially in cases where the residual virulence of the 
to : : pathogenic ag^rit. is not negiigible. Thus: :ph: the one hand sub-unit vaccines are desirable: for the reasons 
mentioned ;aboye :and :6n ^e other hana^jt: is ftnwn that epitope suppression" may le^d to ^ 
single B cell epitope yaccine (Herrington et al., supra). Therefore a hew approach for designing sub-unit 
vaccines had to devised, . .;:;:•.::.. . 

■; ft known that^uen^ by helper T cells and suppreissor T cells c^ be distinguished " 

^fp^ representinjg T ceH : epitopes: which; ^ carrier; function but not epitope 

; ^ been founU (ri3^ 

^^^^9" for earner functi^ the- epitope suppressive • ^tibn : In ^ an 

■ ; : , ;J^:;9^j^f;3T^ the . present inven^n ^ possible the preparation of vaccines comp^Shy!as;§ helr^r^ll - . : 
^rnpohent: a : cpmp^ i^p^senting: ;a TCpeH epitope containing ; information for : carrier . : 

: : epitope;:suppreisiye function. : : ' : K 
! • '7^*?^^?'" P"!^?*!* ■. '"ysn^? 1 ? R^^^? * ^rnpositiprts; comprising a compound repress B cell ■ 

; ppitope which is an ahti or an ^antigenic Vsab^^^V^Wmfiiwd ^a=><»Mp^nd::-' 

^ of an antigen from a patr^ehid a^ character-;: 

; ; : :j^i2^: : in-- ftat;the compound repreisen^ epitope contains information for barrier function but 

• : -'; ; V-:: -ii^::f° r j?P!#^ originate from the same or f rprh ; diterent ; ; 

: : ip^ protein, in the latter c^e it wu\&[)e r^^s^y 

\ v *9 remove ^ for suppressive function or afernati vely to alter these 

^uence^ in ^ch away ^ do no: longer sho suppressive function. The present invention also 
propesses fp^ to vaccines comprising 

y ; the use of these composition^ protective immunity against a |iatnbgenic agent 

•: Thp said composition may be ia: mixture the individual compounds^^ m may be one • 

; . -v. single' chemical unit. ■ 

35 §^ herein as being a peptide; a polypeptide, a hapteh^ 

^ derived from a pathogenic ageht such as a disease-causing bacteri^^ virus, fungus prf 

parasite, Samples of such listed In Table I and described' in Davis et af M 

y - ; ^ ed..; rterpet^ compounds reprinting a ^ B icell :epi^^-:: 

P 6 ^^ and Polypeptides from such:; pathogenic agents. The advent of : recorhbinant DN A technology 
; . ;: ^ / ; has made ^ and the amino acid sequence of -a 

: of anti^n^ from pathogens acid sequence of these antigens has made ^sibfe : 

the: genera^ fwlypeptides and synthetic :p^p A -lar^e •: 

W Modern apffo^ 

/ including prey^rftion of AIDSV RA: ^ R.M. Chanbck and R : Brown eds* Cold Spring 

n^tepor i^^ [1989], Cold Spring Ha^ 

,.;::?;;£^pes are ; subrparts of antigens from - a malaria ^ An example for: su^ 

(C3) prdtein. Most preiferat^ representing a ^ cell ^pH^pe is a^^de^ 

comprising ^ of the CS protein wherein n is about 3 to 50;; : \ ; 

; -h::^:. a sub-part of an antigen such as: a ^fein : br > 

• ^ helper cell epitope may ;be defined u^rig the 

: : :;^- 

'-'P-J^f "^PO^pejl e^ provide an epitope suppressive; function :^ be 

•■ : ' d ^^!|^!f':^"9 ^e follpwing test sysfe^ is al^o part of the present invehtioM 

(a) Antibodies directed against the : ^tigen whbref rom the : compound refDresehting thp T- ! helper 'c^M ' 
55 {epitope 

,. i :^'po r cell epitope ; These antibodies ^hcwjld not react with the said compound representing :the:pgtative ; : : 
T; helper cell epitope. .• ' • M ^p^fl^^^iifY;?.^ 

■ \ , ;tb) The compound representing ;the putative T helper cell epitope defined in step : ;(|)= i^:then ; linked to ; a ;: : 
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comrx)und representing a B cell epitope. The composition formed in this way (termed composition A) is 
: then tested for its activity :to induce the formation; of antibodies in noh-immuhized LHoste^d: in- -hosts-'': 
which have previously been injected with the antigen wheref rom the compound representing the T helper 
ceil epitope is a sub-part thereof. These activities are th^ 
s comprising a compound representing the same 8 cell epitope linked to the above-mentioned antigen • 
(termed composition B) in npn-immunizjed hosts and ; in ; hosts which have previously been injected with 
the above-mentioned antigen, 
: The cbmpouhd representing the T helper bell epitope contains infprmatibo for carrier function but not 
: - ;,: : : : ; 'for epitope suppressive function when composition A and composition B ; ; 

io V (I) have about equal capability to induce the formation of antibodies in npn-irnmuniied hosts; arid ; : : ; 

(II) an enhancement of the antibody response is observed with ^ in hosts which have 

previously been injected (preimmunized) with the abbye-mentioned ^ antigen in comparison to composition 
B wherein the said response is. suppressed. ' 
: M outlined above the injection of a composition comprising an antigen ;as a q&ler for a cprnfDound 
15 representing a B cell epitope into a host which has previously been injected with the said antigen leads to a 
reduced antibody response due to epitope suppression, it has now been observed that with the present 
ihyerition the potential disadvantage of using an antigen which has already bben used in previous 
immunizations as a carrier for sub-unit vaccines can be converted to an advantage by using $. portion of the •• 
original antigen as a carrier which portion does not contain information for an epitopb suppressive fui^ 
20 ; ^ for example it has been found that when a cqm^sition of the present invention comprising a 
compound representirig a t ceil epitope: which compouhd is a sub-part from an antigen against which the • 
host is preimmunized and which compound has information for carrier function but not for epitope ; 
suppressive function is used to vaccinate the host, the first injection of the said composition or a vaccine ; 
comprising it is taken by the immune system like a secondary Injection- This is due to the T helper bell : 
25 priming caused by the preimmunization. The first injection of a vaccine comprising a comppund of the 
present invention in a preimmunized host is therefore strongly enhanced in comparison to such a first 
injection In a host without T helper cell priming due to p^ the : antigen wherefr^^ ; 

comppund representing the T helper cell epitope in the composition is a sub-part thereof. This enhanced 
immune response after a primary injection is especially important in cases where a high titer of protective 
: 30 antibodies has to be obtained quickly to counteract the effects of a virulent pathogenic agent to which an 
individual will be exposed shortly after vaccination. 

: ^^Tliius the present invention also relates to a method for eliciting a prb^tive immune response against a 
pathogenic agent, which method comprises stimulating the immune system of a host with an immunizing 
amount of a composition or a vaccine of the present invention, preferably to a metiiod wherein the hbst is 
35 preirhrnunized with an antigen which is the antigen wherefrpm the compound representing the T helper cbll 
epitope in the composition of the present invention is a sub-part thereof. The time interval selected between 
the preimmunizations and the immunizations is not critical and can vary between a few days, e.g. at least ; 
' abbutr? to 10 days, to many weeks, months or even years. A person skilled in the art is in a position to ; 
select appropriate time : intervals or to design immunization protocols in accordance - with the present..; 
: : 4o • invention which i are optimized in regard to these time intervals. 

• It has also been found that when a host, which had been treated with the metijod tor;; 

; :; eliciting a protective immune response mentioned above, is again immunized with a cpnipbsit^ or a ;; 
vaccine of the present invention, but which composition comprises a compound repre^nting a B oell | 
eprtope which is different from the one present in the earlier immunizations, then an enhanced tmmuhe 
45 respbnse is obtained against the said new B cell epitojpe. Preferably this new B cell epitope is derived from 
•\. a different host than the host vvherefrom the B cell epitope used for the previous immunizations was 
derived. " • • . -"J":. ^F^Mzk' 

Therefore the present invention also relates to : a method for eliciting a protective immune rbsjppnse 
against a pathogenic agent Po in a host; (e.g. a human or an animal), which host has been preimmunized: 
so (a) first with an antigen from a pathogenic agent Pi and then at least once, preferably once or twice, with a 
composition C comprising a compound representirig a B "cell epitope which is an antigen from the 
pathc^enic agent P2 or an antigenic sub-part there 

which is a sub-part of an antigen from the pathogenic agent P 1 , characterize^^ 
representing the T helper cell epitope contains information for carrier function but hot for: an epitope 
' 55 ■ , : suppressive function or ; . . .. 

(b) at leastbnce,; preferably twice with the composition C mentioned above, 

which method comprises; stimulating the immune system of the host with an immunizing amount bf a 
composition c' comprising a com pound representing a B cell ; epitope! which is ah ; ahtig the 
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. : - pathogenic agent Pp or ah : ^tigenic sub-part thereof and a comppund ; repr^senUngi a TT : helper cell epitope : : : ; 
^ ic ^ - a su ^ pail ^ iantigen from the pathogenic agent ^1^ 
;^^se n tih^ : :jhe T helper cell /epitope contains information ;for : carrier^ 
/-./'Suppresisive. function.'./ ; 
; : 5 ; :; /^ enhanced irhmun 

: :|: would rather lead- to : arr inhibitip^ : . % 

-hosts ; ^^i^i^^.iB^l\^ 

: ; r ; ;^ a(xbi;ding : to (a) or (b) as Indicted above; will respond to ah immunizaloh ■ ■ vStS^a^ 

|D; : -:%m|^sitiqn-o!f the present invention comprising a <xim^u^ representing the said :riew protective B ^ 
". epitope with an enhanced immune response. . 
: ; Examples of antigens which are widely used in vaccination i programs and : thus;-; could be -.usedla^T^lv.? 
? - :: i:v; : "' : >^°: U .^? s ; for T helper sequences- haying information for carrier fun not epitope suppressive fo^ 

: preimmunizations mentioned above are antigens derived mom trie [:[ 

- ■:^/^!^" : "^HP- : ^ P^???^ a 9 er its listed in T&te 1 suc^ 

: -^fficillus), Clostridiurn tetani, Bordell!^ pertussis,: Vibrio cholerae, ^ v ; 

viruK hepatitis v^ -^PPMsW^3 
• • : • • P^l nt *nventiph prel^rably re ; representing :: :a :: T-' : • : ; ;'! 

: : ^ ^P 11 ^® is a sub-part of ahtigen or is derived mom|an; j antigen "_':V 
" j=J:C j : "| : / = =:?P.v====-^^P^^ i-^Pf^^: " l:^^.^""""i=f9_CE* RQ-!-"^* is a sub-pa^ ; of the t^anusft»xin or the diphtheria i^hSm^^^r. 
■" v ?^^ly ; polypeptide;:^ . arnihb^cid ; 

.^v : -'--^Arg^Lys . . (i) ; -i;^-;^ : - : - y^^^y^-"^ 

^yp^y^^-p ^ equivalent of rt^ polypeptide- mentis as being ia poly pe an amino ^d^i& 

: . ■ ^S^? 8 w hich:;; differs \ from the ^ind-:^ ; (l) by clejetions^- inserti : amino: • jSdd W 
> ; ^^j^tiwSoSs-". Exampies of sucrtv^ 

sequence corresponding to the amino acid ^u^nca (I) but wherein up to ^ •;" 

'} 30 ; ^ pr 5 ^ 

; .f|.99^ having the amino : acid sequence , ; ■ " :: : 
: • i : i ^ ■ . (jj) <- '""'""'[ . . : 

; :"; i. : * :i : '- dr : ; an equivalent ; thereof . \ -;V; .-■ ' 

> Amino acid substitutions which potentially do not alterthe secondary or terti^ peptides arp 

35 known from the article by R.F Dpplittle in "The Proteins V Vol. ^ Academic: 
;)V...: :: . Press, New York. p. 1-1 19, [1979]. 

Jt has to be noted that : a^ iahtigenic determinant in a pep^de^r poiyp^idB generally comprises at least 
6 acid residues a^^ peptides i.e. the compounds mentioned at l|ast : 

■■} about this size. It is understood that in cases where the said compound-Is^^ pf a : 

^ residues. ittieaDmpouri^ 

;';.--.V; ; :^:^ whereby these epitopes mayi^i^ 

I in ! thai : present cais^a ; plurality of epitope^iis meant. to' be encompassed. V'---f : 
; i f ^ peptide 

conventional peptide synthetic methods, either - in solution pr, preferably by the solid phase me^od 'of 
, ■■ ^ : ;Merrifi^ < J . Am: Chem. ^bc. |5, ; 21 49-21 54 [19^]);or by 

v : ; : -',v Solid phase synthesis is commenced frem the G-ten^ inai end of by ; coupling a prot^fed 

; ^ id ;*° ; ^ suitable r^in.:A sta^ng m 

'■■jl^j^;:^ benzyl ester; jinkage to a cliiprometh^ resin or a hy<j^rni^^ 

berizhydrylamine -(BHA) /esin, a methylbenzhydrylamine (MBr^A) re^in or a behzylo>xy benzyl alcohol • 
: • ■ ; resin. ITiese resins are ! available commercially • and their preparation ; and u^^^^ Well known, if 

^;f;;f;-:;; General methods ifor pptecting and ; for removing protecting groups ; ttrri ; aminb^id^ jc^i-t^I-f;;;: 
:V^d:in :this ihventionWe;^ Synthesis I ; ;Bip)^ 
; iv^eh 

Anaiysis, Synthesis, Biology " pV 1-38, Voj; : 9, Udenfried and J. Meiehhbfer; Eds., ^dei^ic Pr|ssi ^ 
f^if^i^iM^ [ t 1 protecting groups include^ (Fmoc| tort^bi^loxy^ i: 

.'V-;J''. : :-7,-- ■v'';dimethylbenzylXbmb) : ;gr^ ■ 'v^Vv^:^^-':^"^ 

; After removal of the a-amino ; protecting group from the initial; ^ fernaihing |-:;;f; : ^ 
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g^tected amino acids are coupled 1 ■ ;v 

: -: : -;y^-- : -^ way. Alternatively , small poly^ptibe^ ibe constructed which are later joined ^ to give! the final v 

: peptide product. , Ap^ . % 

(Ghem. Ber. 103/ 788-798 t1970]y i using 1^ 
5 pr the procedures of Oourtoglpii et ahi (Synthes 1984, pp. 572-574) ^ et al. (Tetrahedron Letters, 
30/ 1927*1930 [19891) using (>benzpW 
: ;'■ being particu larly suitable, ■ 

; : ; ; Each;! protected amino acfoJ iorl solid ; jp^se; reactor ; in excess, and the 

bbuplih^ may be carried but ^ 
)Jiio fixture thereof. In c^es where incom^ ; ; ' : 

^re^oyel 6f the Na-arriino prdtecting group pnbr cckip^ of the 

- reaction- at each stage of synthesis may be monitored ; A preferred method ; of mbnitprir^ the ; 

■± ^^I^nth^isls by the ninhydrin rektfoh. ^ usin 9 : ^ v 

;:':•.•.••'•'.•> Automated instrumentation. ; ».'.::. • 

75: ; i • ' : f iCIeavage' • of the peptide from the resin can be ; effected ;;using prj^ureS we^ 
t : . : :i - : .^emistiy.. For examptei; reason -^lih; hybrpgen flupride^^ ,• 

■i^y^^^ii. hours at 0^ C pr witrijSjfli^ ' ' 

■ : /^te^tivbly *: " the : : / pe^p»ticiM : ■; or = T^ph^P^P^i^^ f !^™^n e P9 : ^9^"^"S ^^^tf ^P'^P®4 : . ^??=:R^P^#^:/' : 
B V : methods ^ - 
technology are well known in the apA DNA^^ 
25 genomic library or from a cDN A library from the pathogenic agent or may ^ propped according to 
prpbebures 

$S [197^]) or the phosphodiester Vinl^mWS^^^Bt" afc lyipi: EnzymoL • 1 09-1 51 {1 979]; The DN A 
; ifragmerit m^ then be cloned into; an e^ 
- - : : Giori^^ 

' : '''^$o'\0^M\dxge number of haptens and carbbhydrates represent ng: a B cell epitope ;ar;e;; known to the person: 
r : ; skilled in the art These haptens and ^ may be ^repeired by well known imeth^ 

and Isolating the said com pound by biochemical methods. : ; < 

• • - ''*'*•;*'*'•'•** ' , ■ ^T^he^' "^^ornpo'unbl representing a T ^ir^ 
W ;a 

• •' . '• .- ' • Ing a B cell epitope. •' : - ! ' : : ;V /:./:<• "i ■':■{'■■ .'. : \':Wa}? : :. '■. ^yy [ --' xili'! ^ :- ;>:r' ■ -vv-;-;: 

'. - : : Furthermore the peptidev ^ 

peptide or polypeptide representing: m#:^ 
MAP's may be prepared as described by 
40 ^ 

^ i tiWz coin prising multihiers ■ of the V . rejf^at V sequence (f^^py ■ -pi^serit j. in ; the QSi protein ; ^ : ^j^smpdium 
fddp^m ; (Intern ^plication Nof PCITUS^ NpE^ This; ; 

MAPS dan be synthesized i by a i&nve^ ". 
molecule in the dendritic structure of MAPS other : iysine-like molecules such as ornithine ^d|npMy^ine 

45 may also be used. ; ". 

^compositions of the present invention may be prepared by covalently coujpling:::^ 
-.,.'■(: ^pi^nting" : ax'B cell epitope with aic^m^r^ repfesenting a : t. cell epitope. The; coupling be either 

^ ;d^ 
tri^:^ 

^ polypeptide, hapten or ci^ !W»^tly via | bpnventional 

: 1 bifur^onar linking group. Exampie^fe 
such linking groupi are^s 

iminothiolane^HGI (Trau^s reagent); dimethyl pimeHmidate°2HCI (DMP), : surcinimidyl ^(r>mah / j ; 

55 eimidbphenyObutyrate (SMPB), : N-sucbinimi :< S PP^ ^^ m 3!?!^ 0 ^ exarie 

; (BMH) and m-maleimi^^^ linkin 9 
^ reagents are bommercialiy availjable 
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comprising^ 

! methods of fhe =i^mbin*t .eNA : technology or by conventional peptide synthesis methods, however there 

s repr^senting the; ?-P^H Epitope, only ; that ^ 
presentation to cells of the immune system ;t : i;-;-. :.':•• 

V : The cbmpbsition^ purified by :^oWn 

; : methods^ 
: ^ (under normal prilr^ 

: 70 various ^roma^ PlPltratiori^ :: . v 

exchange chromatogr^hy, reverse phase chrbmategraphy or affinity !chromatc^rap^ ■ ■: v': : "; 

phairmaceutically ac^ptable ; adjuvant 

; i 

75 haying a IB-cell epitope immunologically |cr^ composition! ; 

"phanr^aceutically acceptable acljuyant w can m 
;human ad^ 

^ Plasma fbr the vaccin^n of anjmals ; - : ^ 

include but a^ ^tiari or 

: 20 .use), Adjuvant 6S (containing peanutid monostearate); mineral gel^'- - 

• such as alMminum hydroxide, aluminum phosphate}^ :iaiumi: : ; surfactants sue pc> t ; : 

tadecylamine. tyso^i^ 
,yethyl)prppanediamfhe; 

sulfa^, polylC, pdlyaci^fa a . 
; 25 ; c=imemy!glyd^ admin- 
/ '^^ Rowing inc^rp^raHon intb^n 

^ to ifbn^n ^Iscdms"'--/^ 

(immunostimulating c^ (AHt^-et at; (rnmunbi- Meth: 95. 157^168 [1986]; Mdrein et a|;i Nlahire 

^ 0. 
30 which are capable^ a ^nucleofijde; : ;s^ueHc> ehpiSing a ,pe^de ; or : ptiiy^^ 

T-cell epitope and ; a B-ceir e^tc^ invention can be used as 

vaccine delivery sj^ems^ 

The ^ combining a comppsrtibn according . to the present invention with a : 

35 actr^ 

will depend iopi: ;^e subj^t ^ judgement of thb 

treating physici^. Hovyever, an effective dose imay be^m from about 1 hg : to about i:mg of the 

composition c^ t^ preferaU^a^ u g ; it being recognised that fewer and : 

higher doses may also be useful; Jhe vaccine ; may be :; in ia : -variety ;pf ferms: These include, fdr'-exarriple" : - : 
*9 : ;splid, semi-solid, ahd^ 

: iyaccine in jthe form ^ ;:^ mbst preferr^ ; : 

; :; c ^ and^ix^ 
Merihiota^ UHy)-ip^ 

: : describing ; the cdrrept use of -the vaccjH^ 

45 vaccine packed in a container, most p^erabiy toge trie appropriate instructions. Furthermore tH^ i 

present invention [ relates^ 
• . as to a meth^ tor the • immuni^tion human or animaJ ^ such an vaccine 

which can be optimized using; br^nary skill !^n ^ with an 

so munoic^i(»lly effective amount ^ 

vaccinations, the the production: of thic^ of a^ : i: ; 

pathogenic; agent A?:.- A [ : .;. /:':".- 

Having; now generally described this indention, the same ; m^; be m^ readily understood by reference 
to the following ^ 

■ 55 , snou - not be con^ jn any way to the ^ specific embodiment recited : thereiri; • ; ; : x|; V 


:?8 : ; 


- x ;. - Selection bf ffi 

■ The com pdunds> representing^ cell • sequences from Tt were obtained by chemical and 

enzymatic trea^ 5,5 ml 4 M guariidinei 0.4 M tris buffer pH and 15 

5^ v 

alkylated i by adding 60;; incLfbatirig f or ; 0;5 ^hpurs at room temperature. ; After an 

:;: overnight dia^ 

••v^were ^d^and;^ G ! pvern^ in the resulting digest were' 

separe^eid Rafter!; :(jial^is|ia^^^ W^rn M; arhrtprw filtration F; PLC (Sbpharoselty : 

;a ; 12 <^!Qm 

^roiife^qn; jas^s;^ 

lymphocytes from mice immunized with TT. Active fractions were further isej^at^ by diluting them 1:1 in 
triflubrbacetic add (Tf^) to a reversed :p^ 

: ; ec^iiijibrated w 

75 tested ■ for; activity : : in m in vitro ^ ass^; : ^ Jfurther separated, iafter 1:1 : \ 

: dilution in 1^ 

cert proliferation ass^y; A^ by l^-teittind spiqjuenc and amirip icid 

| analysis. Once characterizend; pna i.e. TT73-99 and derivatives -thereof such as ; TT88-99! 

20 were synthesized and tested ji^yity ; : . in T cell proliferation tests, ;hel^ T cell tests and in epitope ; 

; ;1; ^ 

Synthesis Md puHfication of (NAN and TT73-99 ; : ^. ffi-V^ 

: 25 x : ^ the amino acid residues 

73-99 of the tet^us toxoid The polypeptide TT73-99 was syntheisized by the solid-phase technique using 

• baserlabile N-flubrenylm 

benzyloxybenzylalc^^ described by Atherton and Sheppard in "The Peptides: 

3d Yp^ Tl^^iti^;^ in a 

^ma^ 




't'A'^'. Reagent : '•' 

::-^lrhb:;- ; - 

35 

:r ':ii"(- 

H.N-dimethylformamide (DMF) 

2 x l imin; • 




•1x 7 rhin.: ; 



■ 2;5 ;ecj.; Fmbc-^iribiacid / DMF :- 

;5 x;1 min. 



f + -^5;:eq:HBTU W% 

:-1; : x9d : min. : ,; 



:pMF;; : :- 

! isbj^rbpy ! ^bbhol (i-PrOH):^ ; • : 

V 3 x"1 rnin. 
2x1 tnim ; 


Trie ;re^ 1^ ; was treated with tr|f iiwroacetic acid-methylene 

; y ■ c purified by high- 

' performance liquid ] chfomat(^i|pHy ; (HPLC) iising ; a ; U RP18 (10*x) 'mjiimn: (Merck, Darmstadt 

FRG) in a 0,1% ^fluoroace6c i^d-ethahol g radient system . The polypeptide was homogeneous by 
i analyticaJ HPLC and shewed the expected Hydrolysis. 

solution technique 

according to tiie fpllovving^^s^^ 
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Asri 


Ala 


;?o 


75 


Erabc; 


Fraoc 


2 


Asn 


OSu H 


H^/Pd-C 


TFA 


Pro 


•OH 

OH .; H- 
HBTU ;'• 


OBut 


OB lit 


OBut 


OBut 


■ oh; 


AS 


60 ; 


55 


^ HBTU procedure to th^; N*-Uriprote^d^ 

; polypeptide resihl; Treatment ^with: 

K ^ polypeptide. Purification was achleye^; ; 

: v ^ flPLGin ab P y<9 : rnerttioned gradient system. The polypeptide : was homogeneous by analytical HPLC; 

as i u f e^ fe adjylty; of (f^NP)» TT73-9i9 ■ 

r?yI;S j^e ; polypeptide TT73r99 was tested ;i;as a model carrier 

W^^^ tne B cell; epitope sequence :(/^ aJsd: termed (NANP) n in the single letter cb^ 

circumsporqzcjtO^ 

^ of the; major isurtace:; fjrotein of P. falciparum sporozoites (Dame ^ Science 

: 225, ; ^ et al./ Science ; 228, 14^6-1440 [1985]). • Clinical ! studies with vacxines 

^!P?f?.S^^.:"f^:®. sequence have cc^feTO immunity to some of the volunteers challenged with the 

.:: Pf^il^ (Herrington et aL, supra; Bailou et aL; Lancet i1 277-1 281 [1 987]), As a compound representing 

fill^ 5;; B AL^ mic^ w^ by subcutaneous injection with 15^fig ;;TT7i3- 

;■ i.^^^^i^ 6 **^'® ^*.!^?5^P!^*? ;?i^i , ^« 1 "*: 5 " <^^>r^8ifW^t^ur " days liter the preimmunjzed : mice w^ injected 
;:M which 
i ii:^ in accordance with known prbce- 

: dures (Etiinger et at. Immunology IB4, 55 1 -558 [1 988]). At the same day 5 normal BALC/c mice each {not 
preimmunized with TT73-9?) were injected subpytanebusly either with 25 ug (Ac-Cys-(NANPj 3 )3sTT in FIA 
7T In FIA. The antibbay; titers In : the plasma of ! the mice were measured by EUSA (Etiinger et 
: ? irn f198^:i;tet^OT b^^?^v6^7Q at weekly interval after the preim- 

" ! Table II shows the peak r^sporise 

M;£^ titers Coefficient Nation gebnibtiic 

im?|ri) whereby:^ of th^ last tliJutidn of plasma where W optical density 

at a f waveler^ jbf 455 nm-fOD*^ £ 0.24. 


V Table II : 


Immuniz^on prpt^ > 

Antibody titer x 10 3 




" '•; "'TTx':/ 

TT73-99 


(Ac-Gy^ 

:i^i^4)i;; 

:;:ai5(0)^:: 

1,9(1,2) 
26(1.5) 
51(i:2) 

0.15(0) 
0.54(2) 
0.15(0) ;i 
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• : Table II shows that TT73^99 is recognized by T helper cells since this preirrirhunization with TT73-99 
: leads to enhanced ahti-(NANP) : and antirTT antibody responses when challenged with the conjugate, i.e. 
(Ac-Cys-(NANP)3)35TT. The absence of antibody cross-reactivity between TT73-99, (NANP)s6 and TT, as 
well as the use of a ,: mouse : strain which is genetically unresponsive to NANP at the T ceil level - (Good et al.,: 
j;;^pV:Meb. 160, 655-660 [1986]; Del Guidice et al., j;; Immunol; 137, 2952-2955 [1986]) ^ indicates; th^ : 
priming occurred at the helper T cell level. 

in the second experiment 2 sets of 5 BALB/c mice were preimmunized by subcutaneous Injection with 
50 ug TT in AI(OH)3. Thirty six and 168 days later mose mice and 2 sets of 5 normal mice were; injected 
subcutaneously either with 25 ug of (Ac-Cys-(NANP)3)3sTT or with (NANP)4TT73-99 in FIA. The antibody! : 
titers were measured by ELfSA between day 36 and day 70 for the primary peak response and from day ;; 
168 and day 189 at weekly intervals for the secondary response. Table III shows the; peak response for 
each immunization protocol. Values are given as geometric meauri titers as in Table II; 


is 


Table III 



Immunization protocol 
(Injection) 

; Antibody titer x 1 0 3 


::;1|t ; - : ; 

2nd ; 

;(NANP)so 

■ J. v-j-jT 

; TT73-99 

20 

TT 

(NANPKTT73-99 
(NANP)4TT73-99 
(Ac-Cys-(NANP) 3 )35TT 
(Ac-Cys-(NANP) 3 )3 5 TT 

3.4(1;5) / 

15(1.7) 

21<1.1) 
0.9(1.9) 

0.37(1.1) 
98(1.2) 
151(1.2) 
454(1.2) 

I 1.1(1.9) 
4.1(1.5) 
0.15(0) 
0.15(0) 


25 


Table IV 


3d • .; 


Immunization protocol 

Antibody titer x10 3 

(Injection) 




:ist .; 

2nd and 3rd 

(NANP)so 


7T73-99; 


(NANP)iTT73-99 

116(1 3) : 

0.1 5( 0) 

1.3(1.8) 

TT 

(NANP)*TT73-99 

422(1 2) 

173(1.2) 

2.3(1.7) 


(Ac-Cys-(NANP)3)3sTT 

179(1.3) 

878(1.3) 

0.15(0) 

TT 

(Ac-Cys-(NANP) 3 )3sTt 

10(1.3) 

878(1.4) 

0.15(0) 


-: Tables III and N show the comparison of the effect of preirr*rriiiri on the subsequent 

response to the conjugate (Ac-Cyis-(NANP)3j3sTt containing the entire carrier protein TT and to the peptide • .. 
^/ii^ strain w^ich is ; 

genetically unresponsive to NANP at the T ceil level was used for these studies. As it is shown in Table III 
4$ for a single challenge with the (NANP)-containing antigen ajid in Table IV for two challenges with the 
(NANP)-containing antigen, TT priming inhibited the anti-(NANP) response to (Ac-Cys-(NANP)3 >3s TT ( = 
epitope suppression) even though the anti-TT response was elevated in pretreated mice. On the other harni 
%:%: : --;'r TT priming did not lead to an inhibition of .the anti-(NANP) reponse to (NANP)*TT73-99, it actually resulted 
i in the enhancement of the anti-(NANP) reponse after a preimmunizatidn with TT. 
- so The above results demonstrate that epitope suppression here caused by the preimmunization with TT, 
../:.'; can be circumvented by supplying carrier information in the form of a peptide derived from the i original 
; jx protein (TT) which peptide (here TT73-99) does nipt contain • information for ; an epitope suppressive function. 
From a pr^cal: standpoint, a <^rrier se^ueric^ for vacx^n be recognized by T cells of most 

:';:ift: :- @ is known ;tha^ certain peptides are restricted by a large variety of human Class II alleles (Sinigaglla 

: \:-XP$k et al ; Nature - 336, 778-780 [1 988 j; :" Panina : et al.; Cold Spring Harbor Symp. Quant. Biol. Vol LIV, Cold ; 

•pi Spring [1989]). To determine whether TT73-99 could serve ^ as a i ; 

; generally recognized carrier,: '. 2 or 3 mice each, of- the strains indicated in Table . V ; were injected 
I : Subcutaneous^ with (N ANP) 4 TT73-99 in Freund's complete adjuvant. 32: days later the mice were injected •: 
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with 25 ug (NAN P) 4 TT73-99 in Fi A (booster). The antibody responses were assayed at weekly intervals for 
3 weeks following the booster. Table V: shows the peak geometric mean titers of the antibodies formed. 
Antl-(NANP) titers werQ determined as described -in Table II. Ahti-sporozoite titers were: determined by 
indirect immunoftuorescence as ; described by Etiinger et al., J. Immunol. 140, 626-633 ;[1 988]. ; Normal 
mouse sera had anti-(NANP) titers $ 150 and anti-spprozoite titers < 10. Although the responses were 

'viable, Table V shows th^t each of the seven mouse strains tested produced anti-(NANP) and anti- 
spprpzoite antibody. Since only H-2 b mice are responsive to the NANP sequence at the !T cell level (Good 
^t al,; J; |xp: Med. 160; 355^660 [1986]- the results 

• sh^n;; in Table indicate* that all noh-fl-2 b strains:^ the T helper cell epitope 

fBpr^ by TT73-99. In the case of H-2 b mice the helper T cell function could have occured through 
recbgnition of the NANP sequence. 


Table V 


75 


20 


25 


(NANP) 4 TT73-99 elicits anti-spordzoite antibody in ;" : 

genetically diverse mice. 



Strain 

i: H-2 

anti-<NANP)so 

anti-sporbzoite 


Haplotype 

titer xirjR 

titer 

BIOiRill 

, : r • - 

v.59. : 


C5781/10 

b 

. 14305- 

V; 115852 .■> 

B10.S 


366 

1280 

bio:6r 

k 

915 

20480 

B10.M 

. f 

... 9 

10 . ; 

B10.G 

. q 

2288 

•i 40960 .:, 

B10.D2 

, d 

: 1448 

20480 


30 Based on the data shown by Sinigagiia et al. (supra) it was suggested that TT73-99 is also generally 

recognized by T cells of a large number of individual members of the genetically diverse human population .>v' 
^ this point, peripheral blood leukocytes (PBL)* were obtamed from 2ti volunteers and 

tested in an in vitro T cell proliferation assay for reac^vity with TT73 or TT. PBL were obtained from ' 
^W 0 ^ t),0 ? d - Cultures were set up in duplicate in wells of microtiter plates which had previously received 
y : \C.'- : ^4 : '^^^ u\ of 100 ug/ml TT73-99 in 0.15 M NaCI or 100 ug/rril TT in 0 . 1 5 M NaCI or or^ly 0.15 M NaCI. 

pach well contained 4 x 10 s cells in 0.2 ml of culture medium (RPMi with 1 0% heat-inactivated human AB 
* serum; i 00 units/ml penicillin, 10X1 jig/ml streptomycin and 2 mM glutamine). The microtiter plates were 
then incubated at 37° C. The exteht of T eel! proliferation was determined after 4 days of incubation by 
: ; ; adding 1 uCi pH]-thyrhidine to each well and determining pHJ-thymidine incorporation after 24 hours. The 
: . | 6H]-^yimicjine incorporation is a measure for the extent of ON A synthesis. The stimulation index is the 

^? u "t of pHHhy midine incorporsrtion (measured as counts per minute; abbrWi^ed cpm) in the cultures ",} 
cpntajriir^ or TT, respectively, divided by the amount pHHhyrpidinie in^ 

containing neither TT73-99 nor Tt. 1 2 out of 20 volunteers responded to TT73-99 (stimulation index £2) 
(table VI). Furthermore, in more limited studies it was found that T cells proliferated in response to (NANP)- 
45 *TT73-99 but not to (NANPfco or (NANP) 3 . This indicates that the TT73-99 part can be recognized by T 
c^ls i.e. tiiat the presence of the compound representing the B cell epitope (the (NANPK-part) does not 
^ information for the T helper cell function of the compound representing the T cell epitope (the 
. 1^3:99 part). ■" . : . . . ■ 
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Table V I ^^H-"'' 1 ./ 


Cellular reactivity ito tt^^-^TTQ^B in humans ; 

antigen: 

. Stimulation index / # volunteers : 


<2 

' 2 


,';4 ; , 



: -^4.::'- : ; 

;:';-;36y:-: :: 

TT73-99 

8 

3 



;- : :T : ;;-: : : 

: 



TT 

<2 

• 3 : -- 

•;^.lb-30. : -:- : : ; ; 



; 7P-id6| 

:; : >1pQ; ; :. 


1 

1 

•:--;:5..- 




' : .:/-:;.4;;;: v 



in a: further 0^rimepit sera from 55 volunteers ; who had p^^p^ted in iPr^|^_ xl^-' pHnipal : ? sfcidies : S0yy : - 
:": analyzing the adjuvaritipitY of interferons a and 7 on res^ weire|^^ 

■for reacitiyity with TT and 7173-99 both! pribr; to and following immu^ with ^Cys-(NA^ \ : ; ;|;: 

■ U ^Ubpdy i tlters were determined ;■' as- described by- pi riiger ■ et 1aL; ^ ImmunoL 1^^626-633 {19^:i^in0 

aritibddy. Va^ fbr 55 yolunt^^ 

;•' Preclinical titers are: those prior : to injection with (Ac^Cys-(N ANPft bs G^metriQ: m^h titer (coelvahg.rri .); i 

was found to be 1 0 3 (1^1); Although as mentioned above T i ceH reactivity; TT73-i99 c^uld b| demonstrated 
in about h£lf of the 20 people tested, none of the : ^ 
'?. ; : peptide (Table VII), • ';. ■ - • "'" ; ;V; ;.V : - ••: • ^ ;•. . y'ry ;;- . ■ 


: Humoral r 

e^vi^lb TT 
^ in humans;: 

and1T73^99 


preclinical:; 

|;:|wt<iiniQal : 


• ; sera: : :^ : >;: 

: ' serayy-: 


(Titer xirj3); 


TT73-99 : 
TT 

44(1. 3) ^ 

':/:-:;i4i(i;^ v: :?;.r; 


:•:;•••; ;;•' ;Itri^ : : : ibserice :: ' of human antibody reactivity ;f^ : 
■ 'rioti rriuhizatiori shown above is similar ; to the ; results obtained :W (see T^ |iad : , - i- ^i= : -1- =__ J= == 

/'■^Mrjiishbwh that the inhibition of ^ t^ to ^ :B pell epitope, i.e; the (^ AN 

(NANP)*TT73-9? t was caused by ;thejr^ with me. carrier protein TT presurnably | 

V ''J- - irt: piart ^ause preimm to the- pr^ei^ mcso^^d^ ; 

the urimbdifi the jcSrr^ 

;{•;' .:; .45.;. suppression (^chutzei et aU Cell. Immunol. 104^-90:'{19 
■ ^tibody -cro^ the original prbte^ 

i candidate peptides containing information for carrier function but not for epitope suppressive function; ; | ; : 
. ; . The. • r^iext experiment was designed to test the effect of me immunization of a ;hpst against ai pathogenic ■ ; : 
agent Pot Whic^ been preimmunized : 

; • S^so ;: (a) first: ; with an:: antigen from a pathogenic; agent <Pi , e.g. with :6t^us jtdxoid (T^ and t^n : i^rith a : : 
■I ?i : : compos^ compound : representing : ya;B cell - -J 

;\ :: e^ttdpe:;:^ is ^h'irvtigen from a ; pathogenic agent P? e:g, > mV dnJ^'OT^^ a malauia p^ or an . : 
' :^ ^ 

w a T helper cell epitope which ls:;a su>^ 

"•.'.;-:i^;.;;;>.p^ :;e.g: :jfromy in that the <^mpound-;^^ 

• information for carrier function : but hot for an epitope ^u as; the; compound ;TT88-99..: ::;.' 

or TT73-99, or '■' 'V h^h'^V ^y^ ?l :':; : '^v^'^ ' 

(b) brice or twice with the composition C mentioned iar^ye; ^ 
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70 


15 


20 


25 


30 


with an immunizing amount of a composition C; such as the compositibri Hei^6lTT88r99 cbrnprising a 
compound representing a B cell epitope as ^ 
v Po, or aii antigenic sub-part thereof; such ^ 

61 of hen egg white tysozyme (J. Immunol. 135. 368-373 [198£])^s -iA'^p(Mi^ He146-61TT88-99 
mentioned above, and a compound representing a T helper celliep^ sub-part of an antigen : 

from the pathogenic agent ; Pv mentioned above, characterized in; : that the cbmpcuhd representing the T ; 
helper cell epitope contains informal 

. as the compounds TT88-99 or TT73-99. . : ■ 

(NANP)4TT88-99 and He146-61Tt^99 we^ flow ^ f^ptic^ synmeslzer • 

: PPjyamide - method of solid pha^ ; ;^ (n;!th^;M 

i 9P e ^ng manual ; A mouse: stain which does not respond -^repeats ;bf ^nAnP) Sr tb (He1^6l) at the T 
cen ,0vel due t0 its m^or his^om^tibility c^ 

distinguish effects of B cell epitopes frorri those of T cell epitopes in ^eiiimmune response; Three se^ bf 5 
BALB/c mice were used. Eac^ ^nim^ in one set received subcutaneouly 50 q 
^ folfow^ on day ^2 b^ 

lig (NA^iP)4TT88-99 in Fl A; on days -IOT: ^ the mice; receiv^^ in TO Each 

mouse in the second set receiv^^ in the tlr#set : ' «^^0t?tf^"^e~-~ ^ic^- ^^Vs^ls^Kdl- : 

set were not preimmunized with Eacfr an^^eti^&UQ 
Q? He146-61T^^ above exp^m^ht are i shown : 

v in T^le VIII, part 

Ih^se control experiments are shown iri-Table titers werb ^erm 

:43 following the first injection of (NANPHfT88-99 in the control experiment A shown in Table Viii, part k on ? 
day 32 fpilowing the second injection of <NA^ B shown in Table VIII, i 

part B, ; and on day 14 following ^ injection of Hel 46-61 TT88r9i9 in the experiment C shown in 

: : T^ VIH^ p 

itfie; i: immunizations and p^ 

considerably depending on m^; particular circumstances but ■ still 
response. The person skilled in the iart: is in a position 

/; " • Table VIII = • r : - = Wf v : : ^-- ■ 'v v: / : '>. • , • • , : 


35 


40 


45 


50 


Immun ization protocol 
Injection 


Antibc^y titer x -10^ 




(NANP)so ; 

He14^l|BSA: 

A 

1st 

: 2nd 




TT 

(NANP)4TT88^99 


59(1:7)? 


; B 

1st 

. ^2hd ;ain^''3rS : T: : /:-':;; : :^ 


TT 

(NANP)4TTB8-99 ' 
(NANP)4TT88-99 


'v;:N:o2;i(i;i2)i;: 

49(1.6) 


C 


2nd and 3rd ; ; 

4th and 5th 



(NANP) 4 Tf88-99f 
(NANPj 4 T1^9^ 

He146-61TTB8-99 
Hel46-6inTT88-99 
He14^ 


'■^!2li^';5^:X-' :: ' 

'-^■■/SS^i^jl;/'.". 


Table VIII, parts A arid B show tile comparison of the effect of 
(Experiment A) or two (Experiment B) challenges with the peptide; (NANP)VtT88-99 cbritd only a sub- 
55 P? n of carTier P rotein -tr.' viz. TT^-^ As already shown ^ 

; priming enhanced the anti-NANP respond ; : ' 

Experiment C shows the effect of :V 
i (a) preimm unization first wi^ TT; an 
; .';;v.:;- : (b) two preimmunizations with (NANP)iTT88-99, : 


14 


■v the immune; response in a h^^ .:'•"• 

■ reactive^ a conjugate: y 
consisting {; 

• : to icri^ ;551|55^ 
. 5 :: l anfibody : response elicited againsit the: B:ce^ . 
! i fl ibeeh preimmunized in cpniparis0n ;tp no^ was seen : ( ; : 

: ; c^ present invention not ; only^! not result in an inhibil|on o^ the immune response 

■ to : iihg^ 

^ppnW^ y 
3 <^ with a : previously used: T 

:/ ::!fbr^ 

; : /5 / 

• : ln ?a further ; experiment the etect ^ present y 

■ ^ ho$t has been ;preirnj^ with only the ; : ^'^y\y /:.}.' 

V ^ b|en;tes|8d; : ;lt ^s/^nd-that this; : '-;- :;.;';^V : - • 

• : • (N in the corn positron . it has to | bb noted howe^r, that the aboye-mention^ prbtocbi is ' ] - ■ -^^^ ■ . 

:■ just .pf :i:ttepretical' ' interest since ^'^^^^^/^itmi: preimmunized -wiM; c : , 

; helper; ;^ only. As cieafly ind^ 

• ; repre|e^ 

is function clearly inVbives preimmuhizations ; Wwittfe^ complete antigen arid therefore it understood that the 
present invention does not ;^ 

:: ^ 

I : H: WK^r^fcxirri tK^ T help»or ceil epitope^ 

• : ; '>'. ; i:-: : I; jiThe. ' abo\/e • results demonstrate that it iiisl possible to take advantage^ .and;,; : ': 
: 30 eliminate the; j potential disadvantage of ertfoi^^ from; ^rrier ipreimmunizatiph by 

; ;ide]itifyihg :T 

■ : ' ;: representing T cell epitopes : alone of : ihicbi^bin^on with other antigeW ; 

representing B eel! epitopes of various pa^bgenic - agents. Th^ present invention provides improved sub- 
unit yacdnes w^ of ^engineered" vaccines^ 

35 sub-unit vaccines are especially irrij^rbr^ 
■ .:; ieffectpr melanism such as in the jpreven^ malaria. 

Claims; : - ". . '. - .^^k .-v /;:;:v^:/ :/'•';•;. :: ' : ;'< --^.v ; : ." .V'.^, • - : ' •'. • • • ' - ; . 

1; A; com^ comprising '. a com^und ^representing a B cell epitope ; ^ from a - •. 

l^tn^Bic! agent or ah antigenic sui^p^;;ft 

which ; isi^isub^part bf ah Antigen f ro$D^ dharacterizeid |n -ttie. jcom representing y :,■ 

tbeHp helper ceil;-^^ 

function. ■.. :., ■" : - " - - - " • ' ■■-:;,- : My^ : ---' : - "■, '. ■ [ i ■■ : -^33^-'--^:''-' . ; V^V/. .' 

2; A imposition according to claim 1 (^^acterized in that the impound representing cell 
epitope is a subpart of an antigen from a( pathogenib agent selected fr^ the group of Coirynebacterium 
dlphthetiae (Klebs-Loeff ler bacillus), Streptococcus pneumoniae, Clostridium tetanir Badll^ •;:;;: 
Qu^rin, Bordeteita pertussis, Vibrio chbierae; rhurri virui; rxieasles vims; adenc^r^js, polio 

^s, Bacillus inth^ ■ 
viws^Ye^ 

acervulinal - .-. '?-&i'^3 ' ■' - : -''-"v " . : 

3h A: co^ to clalrri;;; ^ 

epitope is a sub-part of t^ tetanus toxin of :^ diphtheria ^xin : ^y^jQ-. . 

M &;; : 6bm^ to; claim; ;1 the compound ; repre^ 

epitope haying the ;^ sequence r . 

Tyr^p-Pi:o-^ 

Arg-lte-Lys, (I) \ \[: ;.' : . :: [/'.^ ;•;; ; :: ;;'.^ i: ;i--- : - ; : :.' ' : ' ;I/v ; : :f • ". '"'M-'-'M 
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■ : , : or an equivalent thereof, : . • • • 

5. A composition according to claim 1 characterized in -^^^ cell 
epitope is the polypeptide haying tj^Vam sequence : - : 

■.".5 : ;l ;or:^;:equiyafe^ ■■:)'/:£,./"■[ 
: ; !3 eejlep^op^ 

■ :, v: ;7. A c^positio^ of claims 1 to S icharac^ 

• B dell epitope is a ^b-p^ of the Plasmodium falciparum protein • ££ 

C i0 ■ ^ A compbdtjb^ claims 1 to 7 for ^ jpirptective immun^ of a host against a 

' . . : ; ' ' ■' ' . pathogenic : agent "', _ ££££: :*£:■':,.■ ; ■;: ■ ; : . ": ; ££ ££^£% ££££;■■ ■£<££ •/.'• : ££££>h .' : ; : <■'■' : [ ' : • ££■ £ \£: ■ '■■ • . - : ! .' .: ;, ; ; 

9. A process for the R^^pa^ 
v; f 3^'j?f^?:>^V?!!^ a c»rnpound repreisenting a B <^ir^pltpp^ 

x epi^eisu^^ - : ££ : . . : '-^ T;: ££ : :^£^£'}:K££ : ^'< : \ £ 

\;.^:'^£^§£^fii£^ A ;pr6c^s : j^ttt^ pr^^^pn: of "^^ 

: that ^i^rtf^ methods or ^ methods -qi: jile recombinant DNA technology are used: : '£$££££<. 

'/[ '[ £ W . V2^ immunizing arnouht of a i^m one of claims 1 to 7 ahd 

: £.£- £-20: ;. a pharma^utica^ - . ;;££::<£^. 

12. The use ; of a com in/acc^ claims i tb^ 7 or of a vaccine according to 

claim 1 i ; for providing protective imm^ aijent. ' 


30 ''" :.;r : - '£■■£,££ :. : \'£ "£y [ £•.£ ' 
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